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Resumen:   
 
Este artículo analiza la convergencia de la producción per cápita y los patrones de especialización 
en Sur América. Este estudio encuentra evidencia a favor de divergencia en la producción, sin 
embargo, también halla que diferencia en los patrones de especialización y producción no son, 
necesariamente,  la  causa.  Por  último  y  aunque  más  investigación  es  necesaria,  este  artículo 
sugiere que la integración regional y la geografía pueden tener un papel fundamental en explicar 




This  paper  analyzes  output  per  capita  convergence  in  South  America  and  production 
specialization patterns. This study finds evidence of output divergence; however, it also finds that 
structural output differences and patterns of specialization of production are not necessarily the 
cause. Finally, this paper suggests that geography and regional integration may play a pivotal role 
in explaining convergence of output, although more research is required. 
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Are South American countries converging? Since 1975, Latin America has followed a 
path of structural reforms in hopes of bringing sustainable and high growth back. Trade 
liberalization and financial reform became common in Argentina (1978), Chile (1975), 
Uruguay (1985), Bolivia (1986), Paraguay (1988), Venezuela (1989), Brazil (1990), Peru 
(1990)  and  Colombia  (1990  and  1991).  Although  each  reform  was  adapted  to  each 
country’s economic structure, in general they all shared several common features like 
reducing  tariffs,  reducing  restrictions  for  capital  mobility  and  promoting  economic 
integration in the region. 
 
Structural  reforms  in  Latin  America  provided  a  more  homogeneous  institutional 
environment  in  the  region.  Moreover,  they  facilitated  the  integration  of  markets  for 
products and, in some cases, for factors. This added up to some of the common cultural 
characteristics and historical background and idiosyncrasies in the region, led to believe 
that  the  underlying  conditions  of  the  neoclassical  growth  model  might  be  fulfilled. 
Consequently, output convergence in South America might be a possibility. 
 
The purpose of this paper is to revisit the debate of per capita GDP convergence among 
10 South American countries during the period 1960-2007, using data from the World 
Development Indicators and some local South American Statistical Agencies. In doing 
so, this paper will use a stochastic convergence approach following Choi (2004). By 
analyzing the impact of shocks on per capita outputs, this research will try to establish 
whether economies converged for this period.  
 
Outputs are influenced by a number of factors. Not only factors of production determine 
the level of production for a given year also weather conditions, geographic conditions 
and infrastructure, technology and available resources at the time of production, among 
others.  Furthermore,  when  comparing  two  or  several  countries’  outputs—relative 
outputs—these  features  have  crucial  influence  in  determining  the  differences.  Wars, 
internal conflicts, natural disasters, riots, civil unrest, financial crises, political turmoil or 
large  price  swings  on  export  products  are  assumed  as  exogenous  shocks  that  induce 
production to  deviate  from  a steady path and increase differences  in  relative outputs 
among countries.  
 
A country is said to follow a steady output path or pursue a steady state if it exhibits an 
output  path  consistent  with  a  ―stable‖  production  growth  rate  with  few  and  mild 
random—or  stochastic—deviations  through  time.  This  process  is  also  said  to  be 
stationary because unexpected shocks or random deviations do not have a permanent 
effect on the level of growth. In other words, if a country was growing 5 percent on 
average before a natural disaster occurred but after that event it keeps growing at the 
same level as before—5 percent, then this production level is said to be stationary. If two 





natural  disasters,  political  turmoil  at  some  point  in  their  history,  and  their  level  of 
productions are getting ―relatively‖ closer through time, then their outputs stochastically 
converge. 
 
This study will test if 10 South American countries have stationary relative outputs. The 
presence of a unit root at the first level of the variable would indicate that this set of 
countries do not have stationary relative output and thus do not converge. In order to test 
for ―convergence clubs‖ or that subgroups of countries converge, the ten countries are 
divided in four regions according to their historical relations and geographic proximity. 
The ten countries and there region are: Colombia, Ecuador and Venezuela, North region; 
Bolivia, Paraguay and Peru, East region; Brazil and Uruguay, West region; and Argentina 
and Chile, South region. The countries in the North region were one country until 1831—
The Great Colombia. In the East region, Bolivia, Peru and a part of Paraguay constituted 
one country until 1839—The Peruvian Bolivian Confederation. The west region was one 
country until Uruguay’s independence in 1825. Finally, Chile and Argentina are grouped 
due to geographic proximity and sharing the largest border with one another. 
 
The  evidence  provided  in  this  study  suggests  that  there  is  no  regional  stochastic 
convergence  for  South  American  countries  selected  in  this  sample.  The  results  also 
indicate that there are no convergence clubs or convergence as a whole. These results are 
in accordance with Dabus and Zinni (2005) that find divergence for a group of 23 Latin 
American countries for 1960-1998 and using a panel data technique. In the best of cases, 
these authors find conditional and absolute convergence at high implausible speeds when 
adding  control  variables;  an  indication  of  divergence  in  Latin  America.  Dobson  y 
Ramlogan (2002) and Caceres and Nunez (1999) also find divergence using a time series 
and unit root approach.  
 
Some of the possible explanations for divergence in South American countries are that 
these countries are not as integrated as required to foster convergence. However, some 
research argues that integration does not necessarily promote convergence (Walz, 1999). 
Another  explanation  is  the  existence  of  multiple  equilibria  and  poverty  traps  (Quah, 
1996; Durlauf and Johnson, 1995; Galor, 1996). Finally, it is possible that institutions and 
geography  (Acemoglu  et  al.,  2004)  or  technological  diffusion  via  trade  and  foreign 
investment (Barro and Sala-i-Martin, 2004; Romer, 1990) is not promoting innovation or 
imitation  allowing  countries  to  ―catch  up‖  by  technological  or  productivity 
improvements.      
 
The remainder of this paper is divided as follows. The next section provides a literature 
review  on  convergence  in  general.  Section  III  provides  specific  empirical  work  on 
convergence for Latin America. Section IV presents the methodology and results. Finally, 










I. Convergence: From the Neoclassical Growth Model to Economic Geography 
 
A. The Basic Theory 
 
1. Beta convergence 
 
The neoclassical growth model developed by Solow (1956) and Ramsey (1928) suggests 
that  economic  production  is  a  consequence  of  combining  physical  capital,  human 
capital—in modern versions, labor and technology. However, the intensive use of these 
factors  of  production,  specially  capital,  implies  that  each  additional  unit  used  in  the 
production process provides a lesser return than the previous one. In other words, capital 
presents diminishing returns—as well as labor—implying that in the long run the only 
source of economic growth is labor force growth. If this rate of growth is constant, then 
economies achieve a situation in which output per worker and capital per worker do not 
change over time. This state is also known as a steady state.  
 
The neoclassical growth model prediction of economies reaching a steady state in the 
long run implies that comparing two identical countries but on different stages in their 
path towards the steady will converge to the same level of output per capita and capital 
per capita in the long run. In other words, in the long run the poor country catches up 
with the rich country because the poor one grows faster than the wealthier one. This 
―catching up‖ process is known as absolute convergence and it does require that both 
countries converge to the same steady state. 
 
Absolute convergence implies that there is a negative relation between initial income per 
capita and the growth rate of income per capita. These are the main factors included in 
any  empirical  verification  of  this  hypothesis.  The  empirical  equation—cross-country 




























            (1) 
 
 
Where T represents the total number of periods to analyze; yit is per capita income; yi0 is 
initial per capita income; ʱ is a constant or intercept term; ŷi0 is the effective income per 
capita level in the steady state, in other words, the long run income per capita excluding 
the growth rate of technology (in terms of effective labor); β is the speed of convergence; 
and uio,T is the error term. The left hand side of this equation is the average growth rate 
for this economy in the studied time period whereas the right hand represents the speed 
and time required in getting to a steady state situation. 
 
An  equivalent  and  straightforward  equation—cross-country  regression—to  test  for 
absolute convergence is proposed by Barro and Sala-i-Martin (2004, p. 50): 






log(yit) = a + (1 – b) • log(yit-1) + uit              (2) 
 
 
Assuming that i = 1, …, N, or the number of economies to compare; t = 1, …, T, or the 
number of years available for the data; yit is the level of GDP per capita for country i in 
period t; and yi,t-1 is the one year lagged value of GDP per capita for country t. The 
coefficients to estimate are a and b. If there is absolute convergence then 0 < b < 1; and 
the higher the b, the greater the inclination towards convergence.    
 
However, absolute convergence assumes that countries are identical or have very similar 
characteristics;  this  is  a  strong  assumption,  however.  Thus,  conditional  convergence 
allows for convergence to occur and be compared among countries that have different 
economic structures but conditioned on controlling for those differences. If countries that 
have a higher growth rate also have a lower initial income when compared with others, 
after  controlling  or  conditioning  growth  on  the  different  characteristics—saving 
propensity,  for  example—and  present  evidence  of  closing  the  gap  with  respect  to 
wealthier countries, then we describe this phenomenon as conditional convergence. 
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where Xit is a set of variables that control for the different steady  states that countries in 
the sample might have. A common empirical version of the conditional convergence 
equation is as follows: 
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where the set of control variables are human capital (H), investment (I) and population 
growth (Pop). In all cases, a 0 < β < 1 is evidence favoring convergence (similar to (2)). 
 
 
2. Sigma Convergence 
 
One of the problems with absolute or conditional convergence or β-convergence is not 
providing evidence on the pattern followed by  the distribution of income within and 





situations of high inequality of income or output. In order to include this feature, Quah 
(1992,  p.  4)  suggests  analyzing  variation  of  income  per  capita  between  and  within 
countries.  Sigma  convergence  (ζ-convergence)  is  the  decline  in  the  variation  and 
dispersion of real income per capita within and between the countries being compared. 
 
The empirical way of testing for ζ-convergence is through the standard deviation of real 
per  capita  income  throughout  countries  per  each  time  period.  The  existence  of  ζ-
convergence or that countries  are improving their distribution of income requires  the 
existence of β-convergence. The opposite, however, is not true (Higgins et al., 2007). The 
reason  is  that  a  declining  variation  among  and  within  countries—ζ-convergence—
implies that each countries mean income is getting closer and closer to the grand mean or 
mean of the incomes of all countries included in the sample. This is only possible, if 
those countries with low average levels of income are ―catching up‖ to those with high 
levels of income—β-convergence—; thus variation must be falling.  
 
Sigma-convergence  requires  beta-convergence.  Specifically,  beta-convergence  is 
necessary for the existence of sigma convergence. This implication can be analyzed as 
follows.  Beta-convergence  means  that  poor  countries  are  growing  faster  than  rich 
countries. Suppose that poor countries surpass rich countries in period T and that income 
per capita levels are now reversed, having rich countries the equivalent to the initial 
income that poor countries have and vice versa; and thus, maintaining the same distance 
in absolute terms. In this case, there is evidence for beta convergence since the poor 
caught up and even left the rich behind, in per capita terms. However, inequality still 
prevails since the rich are lagging in the same amount as the poor where in the beginning 
of  this  situation.  Consequently,  sigma  convergence  does  not  exist  although  beta 
convergence does.   
 
Formally,  Higgins  et  al.  (2007)  proves  that  beta  convergence  is  a  necessary  but  not 
sufficient  condition  for  sigma  convergence.  Following  Higgins  et  al.  (2007),  the 
empirical equation for β-convergence for a set of countries (i = 1, …, N) for a specific 
period of time (t = 1, …, T) can be written as follows: 
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Where β(0, 1); uit ~ (0, 
2
u  ) and independent over t and i. Also, yit is the level of GDP 
per capita for country i in period t; and yit-1 is the one year lagged value of GDP per 
capita for country t; and Xit is a set of control variables that could be human capital and 
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Where c is a constant; (ζ2)* is the steady state variance; 
2
0   is the initial variance or 
variance at t = 0 and β is the parameter for convergence. The consequence of this result is 
that if β(0, 1), then sigma convergence is possible since 
2
t   would be stable. Finally, 
Higgins et al. (2007, p. 7) also point out that in empirical studies sigma convergence 
would also depend on ―whether or not disturbances are correlated, and have constant 
variances, across time and economies.‖ 
 
 
B. Some Empirical Studies 
 
1. Beta convergence 
 
Delong (1988) criticizes Baumol (1986) for obtaining convergence by using a sample that 
has selection bias. Including Norway but not Spain or Canada but not Argentina misleads 
the estimation. Furthermore, asking if countries have converged or not by picking those 
countries that today are rich but in 1870 were not is problematic. That ex-ante selection 
should cast doubt on the results. Finally, measurement error is also a problem since rich 
nations in 1870 that are also rich today but not as rich are more probable to have data 
available and old data tend to be more imprecise. Thus, measurement error is plausible 
and  troublesome  since  we  are  analyzing  those  countries  that  we  already  know  have 
―converged.‖ Once measurement error and sample selection bias are corrected in Baumol 
(1986), evidence of convergence disappears (Delong, 1988). 
 
The following table from De La Fuente (1997, p. 48-49) provides some of the results of 
studies on convergence including the control variables used by several authors and their 
expected signs. 





Table 1. Economic Growth and Convergence for World Data 
 
Source  Dependent 
variable  y0  h0  sk  n  Other Variables  Sample and 
Time 
Landau (1983)  gQ  0.0021 
(6.18) 
0.026 















GINV(O), GED(O), T(O), 
INF( - ), OIL(+), DP(-) 
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Kormendi and  


























   
 
1960-1981. 103 
countries.  -1.47 
(2.47) 
Grier and  
Tullock (1989)  gQ 
-0.00083 
(8.61) 
     
Period dummies, 
SDY( + ) 
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Dowrick and  
Nguyen (1989)  gY * 100  -2.01 




   
 
Source: De La Fuente (1997, p. 48 and 49).  
Note: The dependent variable is the average growth rate of real per capita income (go) or of aggregate real income (gr) 
during the sample period. When the dependent variable is gr, the null hypothesis is that the coefficient of population 
growth will be smaller than one, rather than negative as is the case when the dependent variable is gQ, t statistics (in 
parentheses) or standard errors [in brackets] are shown below each coefficient. 
Landau (1986) and Grier and Tullock (1989) use pooled data (with 4- and 5-year subintervals respectively); the rest of 
the regressions use cross-section data by countries. 
( + ) and ( - ) indicate a significant coefficient of the corresponding sign; (Y) denotes significance, and (0) lack of it. 
Definition of ho: (*) = secondary enrollment rate, (**) = primary enrollment rate. Landau uses a weighted average of 
three enrollment rates (primary, secondary, and university). 
Other variables: GCONS = public consumption/GDP; POP = total population; CUM = climate zone dummy; T = trend; 
GINV = public investment/GDP, GED = public expenditure in education/GDP; INF = inflation rate; OIL = dummy for 
oil producers; DP = distance to the closest harbour; DISTOR = Barre’s index of distortions affecting the price of capital 
goods;  REV  =  number  of  coups  and  revolutions;  ASSAS  =  number  of  political  assassinations;  SDY  =  standard 
deviation of real output growth; SRM = standard deviation of money supply shocks, MDEXX = mean growth of 
exports as a proportion of output; MDINF average growth of inflation; MDGC = rate of growth of government’s share 
of GDP; INF = average inflation rate; SDINF = standard deviation of the inflation rate. 
 





Sala-i-Martin (1996) concludes that in general, when convergence is found, the average 
rate of convergence is 2%. This means that the approximate time required to close half of 
the  gap—half-life—in  income  between  high  and  low  income  world  economies  is  35 
years.  
 
For the case of Korea, Koo et al. (1998) find evidence of beta and sigma convergence in 
the  1967-1992  period.  They  estimate  a  speed  of  convergence  of  4.5%  or  that  the 
estimated half life to close the income gap among Korean regions is 15 years. However, 
their results are not consistent and present several structural breaks suggesting that the 
estimated  coefficients  are  not  constant  for  all  sub-periods.  Furthermore,  the  analysis 
suggests large swings among coefficient associated with convergence, casting doubt on 
this result. In general, it seems to be a rule that convergence speeds greater than 2% are 
suspicious. 
 
Nevertheless,  one  possibility  for  irregular  speeds  of  conversion  is  regions  not  being 
analyzed as groups; this points to the notion of convergence clubs (Baumol and Wolff, 
1988). Convergence clubs are a set of economies that have share technology or received 
the  positive  spillovers  of  technological  improvements  from  their  ―club  members‖ 
allowing them to increase international trade and investment. These elements combined 
with education, should encourage all members of the club to increase their productivity 
levels, thus  promoting  convergence. However,  DeLong (1988) critizes  this  notion by 
implying that convergence clubs are a way to justify the existence of convergence among 
a set of countries and not others, indicating that those that are not members of the club 
should follow the same institutional arrangements as club members. One can infer, then, 
that convergence clubs are ―forcing‖ convergence to show up in empirical estimations by 
being a ground for justifying selection bias in the sample of club members. 
 
Siriopoulos  and  Asteriou  (1997)  also  challenge  the  notion  of  convergence  clubs  but 
empirically. These authors analyze the case of 13 regions in Greece for 1971-1996. The 
authors run regressions on absolute and conditional convergence for 3 periods: 1971-
1981; 1981-1996; 1981-1996. In all cases the authors find no evidence of convergence 
among  Greek  regions.  The  authors  also  test  for  convergence  clubs  by  separating  the 
regions into the Northern and Southern region; however, their estimations also provide 
weak evidence in favor of conditional convergence. Yet, their results improved when 
dividing the data by groups of regions, no club convergence was found.  
 
 
2. Sigma Convergence 
 
Tsionas  (2000)  finds  evidence  of  sigma  divergence  in  the  U.S.,  concluding  that  the 
dispersion of income has not declined over time. Similar results are obtained by Higgins 
et al. (2007) at the national and state levels but using a larger and longer data set for the 
U.S. 
 
Analyzing social expenditure as a percentage of GDP, Boeri (2002) finds convergence 





countries. Specifically, he finds that the variation among social expenditure within the 
Nordic (Denmark, Sweden, Finland Netherlands), Anglo-Saxon (Ireland and the UK), 
Conteninental (Austria, Belgium, France, Germany and Luxembourg) and Mediterranean 
(Greece, Italy, Spain and Portugal) regions have diminished over time but not between 
them. In other words, social expenditure keeps being unequal among these regions for the 
1980-1999 period in Europe. 
 
Lacas (2001) provides evidence on sigma-divergence in regions of Finland for the 1985-
1995 period. However, he compares this case with the province of Quebec in Canada and 
finds  that  the  opposite  is  true  for  this  region.  However,  a  stronger  convergence  is 
observed in the 1985-1990 subperiod.  
 
Nevertheless, Rey and Dev (2004) caution on the bias created by spatial effects on sigma 
convergence  estimations.  Their  study  is  pointing  to  the  fact  that  geography  matters 
(Krugman,  1991).  In  fact,  regions  tend  to  sigma-converge  because  there  are  similar 
structural and geographical characteristics that are not common with other regions or 
countries.  Connectivity  through  integrated  road  systems,  communication  systems  and 
research  networks  provide  positive  externalities  enjoyed  by  the  region  but  that  as 
distance, for example, increases become costly to share. 
 
In this  same line of reasoning, Magalhaes  et  al.  (2005) provide evidence that spatial 
correlation  is  an  important  factor  in  sigma-convergence.  When  analyzing  Brazilian 
regions  for  the  1975-2000  period,  the  authors  find  only  some  regional  convergence 
limited by geography and no national convergence. This in contrast with Ferreira (2000) 
and Ferreira and Diniz (1995) that ignore spatial dependence. 





Table 2. Convergence Studies for Asia 
 
Country  Sources  Number of 
Regions 
Sample 
Periods  Results  Methodology 
Japan 
Kawagoe(1999)  47  1955-1991  No convergence  Markov matrix 
Braun and Kubota 
(1998)  46  1955-1994  Two converge (Tokyo 
and Others)  Markov matrix 
Fujita and Tabuchi 
(1997)  47  1955-1975  Bell shape  Theil’s Measure  1975-1988  Divergence 
Barro and Sala-i-Martin 
(1992)  47  1930-1987  Convergence  Barro regression 
Korea  Koo, Kim and Kim 
(1998)  10  1967-1992  Convergence  Barro regression and 
sigma convergence 
Malaysia  Togo (2000)  14  1970-1995  Divergence  Sigma convergence 
Thailand  Dixon (1999)  7  1960-1992  Divergence  Data observation 
Phillipines  Hosono and Toya 
(2000)  13 
1975-1997  No convergence 
Barro regression  1975-1997  Conditional convergence 
(human capital) 
1975-1986  Convergence 
1986-1997  No convergence 
Indonesia  Takeda and Nakata 
(1998)  27  1976-1995 
Divergent after 1985 
(GDP per capita 











Source: Togo (2001, p. 17). 
 
 
Finally, Togo (2000) analyzes 14 Malaysian states over the 1970-1995 period. His results 
indicate  an  increase  in  the  variance  of  regional  per  capita  GDP  thus  favoring  sigma 
divergence.  He  concludes  by  attributing  this  lack  of  convergence  to  high  unequal 
concentration of capital in major cities in each region (Togo, 2001, p. 8-9).  
 
 
II. Empirical Evidence of Convergence and Divergence in Latin America 
 
The research on convergence in  Latin America seems  to  favor divergence. Although 
some studies have found conditional convergence and absolute convergence, it seems as 
if their results were imprecise due to the use of non-stationary data. For instance, Dobson 
et al. (2003) finds evidence of conditional convergence in Latina America. In contrast, 
Dabus  and Zinni (2005) explain that their initial  findings  favoring convergence were 
misguiding due to the implausible speeds of convergence predicted by the data. Table 3 
provides  evidence  of  studies  using  time  series  analysis  or  panel  data  and  finding 
divergence or convergence for Latina America.  





Table 3. Empirical Studies for Latin America 
 
Source  Methodology  Number of countries 


























Utrera (1999)  Unit root tests  20 
1950-1990  Divergence   
Utrera (1999)  Distribution 
dynamics 
20 














































sector, dummy for 
oil 








human capital and 
inflation 
Caceres and Nunez 
(1999)  Unit root tests  17  Stochastic 




Unit root tests, 
panel data  24  Convergence (for 
some countries)   
Source: Dabus and Zinni (2005, p. 6). 
 
 
However,  the  research  on  convergence  in  Latin  America  also  suggests  that  when 
convergence is confirmed also an increase in income dispersion is found (Blyde, 2005). 
This implies that the benefits of economic growth are not being spread out equally to all 
the population and regions. This shows the region’s need for a comprehensive system that 
redistributes wealth within countries as well as between them. Blyde (2006) provides 
evidence of Latin American countries converging in two groups or clubs: rich countries 
and low and middle income countries. This reinforces the need of redistribution.  
 
Finally,  several  studies  on  convergence  for  Latin  America  focus  on  regions  within 





1970’s and 1960’s whereas Cardenas and Ponton (1995) estimate a convergence speed 
around 3.8% (18 years to close half the gap in income among Colombian provinces). 
Bonet and Meisel (1999) find convergence for the 1926-1960 period but divergence in 
the 1960-1995 period. The reason for this phenomenon is attributed to the concentration 
of resources and capital in Bogota in an unequal fashion with respect to the rest of the 
country’s cities. 
 
The following table summarizes  some of the other empirical  applications  for regions 
within countries in Latin America. 
 
 
Table 4. Studies of Convergence within some Latin American Countries 
 
Country  Source  Finding 
Argentina  Garrido et al. (2002)  Convergence but increasing 
unequal distribution 
Brazil  Magalhaes et al. (2005) 
Club convergence in some 




Duncan and Fuentes (2006)  No clear evidence of 
convergence 
Soto and Torche (2004)  No convergence 
Peru  Odar (2002)  Two convergence clubs. Spatial 
dependence counts. 
Peru and Brazil (includes other 
South American Nations)  Serra et al. (2006) 
Convergence Clubs. Trade 
liberalization has not supported 
convergence. 
Mexico 
Aroca et al. (2005) 
Divergence. Spatial dependence. 
Nafta does not encourage 
convergence. 
Diaz-Bautista and Celaya (2002) 
Some convergence and 
divergence. Includes proxies for 
institutions. 
Source: Own elaboration. 
 
 
III. Testing Convergence in South America: Method and Results 
 
 
A. The Data  
 
This paper analyzes 10 South American countries for 1960-2007, using data from the 
World Development Indicators and some local South American Statistical Agencies. The 
10  countries  included  in  this  study  are:  Argentina,  Bolivia,  Brazil,  Chile,  Colombia, 
Ecuador, Paraguay, Peru, Uruguay and Venezuela.  
 
The variables to  analyze are output per capita  per country and  region; and the GDP 
composition of each country, in order to compute the specialization index.  





In order to test for the presence of convergence among subgroups of countries, the ten 
countries are divided in four regions according to their historical relations and geographic 
proximity. The ten countries  and there  region  is: Colombia, Ecuador  and Venezuela, 
North region; Bolivia, Paraguay and Peru, East region; Brazil and Uruguay, West region; 
and  Argentina  and  Chile,  South  region.  The  countries  in  the  North  region  were  one 
country until 1831—The Great Colombia. In the East region, Bolivia, Peru and a part of 
Paraguay constituted one country until 1839—The Peruvian Bolivian Confederation. The 
west region was one country until Uruguay’s independence in 1825. Finally, Chile and 




B. Methodology and Results 
 
This paper follows a stochastic convergence analysis to determine if output per capita 
convergences among 10 South American countries or a group of these countries for the 
1960-2007. 
 
In order to determine the presence of a unit root and establish if there is any stochastic 
convergence,  this  paper  will  use  the  Augmented  Dickey  Fuller  test  (DF-GLS),  the 
Kwiatkowski et al. test (KPSS) and the Philips Perron test (PP). These test all have as 
null hypothesis the existence of a unit root. Consequently, a low p-value would reject the 
existence of a unit root in the series.  
 
However, since panel unit roots are to be analyzed as well as time series, this study will 
use the Levin Lin Chu (2002) test that assumes as null hypothesis that the series are non-
stationarity. This study will also use the Im et al. (1997) test that has non-stationarity as 
its null hypothesis, as well. Consequently, low p-values would suggest rejecting the null 
hypothesis.   
 
The Levin Lin Chu test follows an Augmented Dickey-Fuller framework but applied to 










1               (7) 
   
 
Where Δyit is the differentiated version of variable y, which in this case is each of the 
variables involved in equation 1. X is a vector of seasonal dummies, for example. As in 
equation 1, i = 1,…,10 or the number of countries; and t = 1960-2007 or the number of 
years. Similarly, j would equal the number of lags in the test. Finally, vit represents the 
error term for this regression. 
 
Using the residuals from equation 1 to approximate Δyit and yit-1, and estimating these 
approximations,  ʱ  can  be  obtained.  This  test  uses  a  modified  t-test  to  determine  the 










Table 5. Test Results for Regional Aggregates 
 
1960-2007    1984-2007 
A. Univariate Tests 
DF-GLS  KPSS  Philips-
Perron 





-1.863  0.143  0.3656  I(1)  North  -1.497  0.087  0.8346  I(0) 
I(0)  I(1)  I(1)      I(0)  I(0)  I(1)   
-3.128  0.0749  0.9588  I(1)  East  -2.236  0.0708  0.9270  I(0) 
I(1)  I(0)  I(1)      I(0)  I(0)  I(1)   
-1.586             0.197  0.6757  I(1)  West  -1.780             0.143  0.9857  I(1) 
I(0)  I(1)  I(1)      I(0)  I(1)  I(1)   
-1.574  0.237  0.9903  I(1)  South  -2.149             0.0665  0.9787  I(0) 
I(0)  I(1)  I(1)      I(0)  I(0)  I(1)   
                 
B. Panel Tests 
IPS  LLC  Pescadf  Inference  Panel  IPS  LLC  Pescadf  Inference 
0.999  0.9452  0.666  I(1)  Four 
Regions 
0.005  0.5711  0.400  I(1) 
I(1)  I(1)  I(1)  I(1)    I(0)  I(1)  I(1)  I(1) 
                 
Source: Own elaboration. 
Note: At 10% level of significance. 
 
 
Table 5 presents mixed results. Nonetheless, it suggests that some regions have a non-
stationary output per capita (North, East, South) for the 1984-2007 period, suggesting 
possible convergence among the countries in those regions. However, when compared 
with the whole period 1960-2007, the results tend to suggest that there is no convergence. 
This might be implying that some of the economic integration process started at the end 
of the 1990’s might be promoting output per capita convergence throughout the region. 
 
Table 6 presents the results for the unit root test at the country level. In general and for 
both periods (1960-2007 and 1984-2007), output per capita per country have a unit root. 











Table 6. Univariate Tests on Country Level Data 
 
    Country Average 1960-2007    Country Average 1984-2007   
Region  Country  DF-GLS  KPSS  Philips-
Perron 
Inference    DF-GLS  KPSS  Philips-
Perron 
Inference   
                       
  Colombia  -3.561  0.118  0.9782  I(0)    -2.080  0.108  0.9648  I(1)   
    I(0)  I(0)  I(1)      I(1)  I(0)  I(1)     
North  Ecuador  -1.882  0.236  0.8865  I(1)    -1.155  0.162  0.9931  I(1)   
    I(1)  I(1)  I(1)      I(1)  I(1)  I(1)     
  Venezuela  -1.795  0.136  0.4621  I(1)    -1.643  0.0805  0.3184  I(1)   
    I(1)  I(1)  I(1)      I(1)  I(0)  I(1)     
  Bolivia  -2.279  0.17  0.4264  I(1)    -3.165  0.0925  0.9885  I(0)   
    I(1)  I(1)  I(1)      I(0)  I(0)  I(1)     
East  Paraguay  -1.519  0.336  0.5584  I(1)    -2.252  0.134  0.4680  I(1)   
    I(1)  I(1)  I(1)      I(0)  I(1)  I(1)     
  Peru  -1.416  0.179  0.6404  I(1)    -1.275  0.171  0.9377  I(1)   
    I(1)  I(1)  I(1)      I(1)  I(1)  I(1)     
West  Brazil  -1.840  0.325  0.6843  I(1)    -1.858  0.121  0.8277  I(1)   
    I(1)  I(1)  I(1)      I(0)  I(1)  I(1)     
  Uruguay  -2.693  0.121  0.9687  I(1)    -2.344  0.0946  0.935  I(1)   
    I(1)  I(1)  I(1)      I(1)  I(0)  I(1)     
South  Argentina  -2.107  0.128  0.7725  I(1)    -2.242  0.747  0.8755  I(0)   
    I(1)  I(1)  I(1)      I(0)  I(0)  I(1)     
  Chile  -0.629  0.406  0.9999  I(1)    -1.756  0.113  0.9733  I(0)   
    I(1)  I(1)  I(1)      I(0)  I(0)  I(1)     




Table 7 analyzes if there is presence of stochastic convergence among the four regions 
being analyzed and the 10 countries in the sample. This is coherent with the notion of 
convergence clubs. However, the data indicates that we cannot reject the null hypothesis of 
nonstationarity in all cases. Therefore, output per capita is not converging within regions 
and between the 10 countries in the sample. This rules out the possibility of convergence 
















Table 7. Panel Unit Root Test Results 
 
  Region-Country  LLC  IPS  Inference 
    p-value  p-value   
  10 Countries  0.9903  0.999  I(1) 
1960-2007  North  0.3574  0.657  I(1) 
  East  0.4800  0.576  I(1) 
National Average  West  0.6414  0.488  I(1) 
  South  0.3226  0.5379  I(1) 
         
  10 Countries  0.9903  0.999  I(1) 
1960-2007  North  0.3793  0.657  I(1) 
  East  0.4940  0.576  I(1) 
Regional Average  West  0.6926  0.488  I(1) 
  South  0.5379  0.628  I(1) 
         
  10 Countries  0.2568  0.957  I(1) 
1984-2007  North  0.3179  0.177  I(1) 
  East  0.9316  0.739  I(1) 
National Average  West  0.2367  0.479  I(1) 
  South  0.0154  0.035  I(1) 
         
  10 Countries  0.2568  0.957  I(1) 
1984-2007  North  0.3179  0.177  I(1) 
  East  0.9316  0.739  I(1) 
Regional Average  West  0.2367  0.479  I(1) 
  South  0.0154  0.035  I(1) 
         
Source: Own elaboration. 
 
 
Table 8 estimates  the relation  between income volatility and the country specialization 
index. This index is comprised of the participation that the agricultural, manufacturing, 
services and industrial sectors have in the economy of each country. This index compares 
how  similar  is  a  country  to  other  countries  inside  the  same  region  and  with  the  other 
countries outside the region. A country with a GDP specialized in one of these sectors 
would have an index of 0, if compared with another country that specializes in the same 
sector. In contrast, a country specialized in one sector compared to another specialized 




SDYij = ʱ + βSij + εi                   (8) 
 
 
where SDYi is the standard deviation of output disparity between countries i and j at time t; 
and  Sij  is  the  average  specialization  index  for  the  period  1960-2007  for  country  i  in 
comparison with the other countries in the sample. 
 






Table 8. Income Volatility and Country Specialization Index 
 
    Specialization Index    Income Volatility and Specialization 








North  Colombia  0.297  0.245    10.448  3.900  2.68  0.407 
  Ecuador  0.256  0.220    16.624  4.116  4.04  0.629 
  Venezuela  0.294  0.377    10.298  3.954  2.60  0.391 
                 
East  Brazil  0.253  0.292    11.053  3.459  3.19  0.505 
  Uruguay  0.144  0.166    16.556  5.546  2.53  0.374 
                 
West  Bolivia  0.228  0.196    20.678  5.256  3.93  0.616 
  Paraguay  0.304  0.257    9.828  3.440  2.86  0.443 
  Peru  0.234  0.229    7.764  4.241  1.83  0.207 
                 
South  Argentina  0.177  0.219    16.006  5.368  2.98  0.467 
  Chile  0.235  0.234    15.752  4.189  3.76  0.593 
                 
Source: Own elaboration. 
 
 
As  Table  8  suggests,  the  countries  throughout  the  region  have  similar  economic 
composition. Additionally, the estimated beta from the relation standard deviation of GDP 
disparity between country i and j and specialization index is significant in all cases at a 10% 
level and positive. This indicates that the more economically similar are two countries, the 
more  they  should  experience  less  volatile  patterns  of  relative  per  capita  output. 
Consequently, the source for divergence does not seem to come from structural differences 
in the economies of the countries in South America. 
 
However, several authors and specifically Krugman (1991) have pointed out the importance 
of  geography  in  economic  convergence  and  development.  Might  it  be  that  the  lack  of 
convergence is coming from geographical differences? Table 9 tries to capture the impact 
of this variable by using the distance from the capital in each country in the sample to five 
geographic  centers:  Bogota,  Brasilia,  La  Paz,  Lima  and  Montevideo.  The  equation 
estimated in Table 9 is as follows: 
 
 
SDYi = ʱ + δDi + εi                    (9) 
 
 
where  SDYi  is  the  standard  deviation  of  output  disparity  and  Di  is  the  logarithm  of 
geographical distance from country i relative to the specified geographic center. 
 
 






Table 9. Geographic Distance and Income Volatility 
 
Geographic Center  Delta  Standard Error  T-Ratio  R
2 
Bogota  .0741089  .0232606  3.19  0.1775 
Brasilia  .0163755  .0243867  0.67  0.0084 
La Paz  -.0289928  .0319802  0.391  0.0261 
Lima  .0399542  .023091  1.73  0.0479 
Montevideo  -.0235472  .0354644  -0.66  0.0182 
Source: Own elaboration. 
 
 
The results in Table 9 are not consistent and only significant in one case. In this case, we 
cannot conclude that increasing the distance among two countries in the region might make 
relative output more volatile. Consequently, it is unclear if distance or geography captured 
as such is playing an important role in convergence. Although it does and should play a 
role,  the  distance  among  countries  might  not  be  the  best  way  to  capture  it.  Especially 
because the geographic differences throughout the region are significant. Some countries 
are located in the Andes and have access to two oceans directly, while others do not have 
any  direct  access  (Paraguay  and  Uruguay).  Nevertheless,  I  included  other  geographic 
variables to capture this phenomenon and used other cities  as  reference but the results 
where all insignificant.  
 
In conclusion, the econometric analysis suggests that there is divergence among the ten 
countries  in  the  sample  for  the  1960-2007  period.  Although  the  analysis  suggests  that 
economic structural differences are not the reason and that maybe geography is not playing 
a major role, more research is required especially in the latter issue. Since the proxy for 
geography was distance and it does not capture all transaction costs involved in transport 
and trade barriers, for instance, further research should pursue a more comprehensive index 
or measure for geography. 
 
 
Conclusion and Policy Implications 
 
The results in this study suggest that South American countries diverge in terms of output 
per capita. In other words, the richer countries in the region are become richer and the 
poorer ones are not necessarily ―catching up.‖ The first possible implication is that other 
factor such as institutions, civil unrest, corruption and political environment are important 
in explaining such divergence. However, if one assumes that these aspects do no matter 
then two possible explanations potentially arise. First, integration in the region is still at an 
early stage and thus not promoting economic convergence. The important implication of 
this is that economic and political integration agreements in the region should not be seen 
as a mean for generating economic growth, on the contrary they should be seen as an end. 
Policymakers should focus on developing national markets first in order to create a regional 
one. Regional markets are not the solution to economic development. The other possibility 
is  that  South  America  must  go  further  in  its  integration  process  to  gain  convergence. 
However, the empirical evidence indicates that this is no guarantee (Walz, 1999). 





Second, countries in South America follow paths that lead to multiple equilibriums. It is 
possible that some of those countries are stuck in poverty traps that are worsening with 
shocks (natural disasters, political turmoil) and leading every time to an equilibrium that is 
worse than the previous one. Perhaps this alludes to the need of a more comprehensive 
social agenda in the region, more expenditure on education and health as a percentage of 
GDP and a regional system that transfers resources from the rich countries allocating them 
to the poorest in the region. Indeed, improving these factors could sponsor productivity and 
push a country out of the poverty trap. 
 
Third, the region might be lacking a transportation infrastructure that connects countries 
throughout the region and reduces transaction costs. Developing a railroad and highway 
system  for  the  region  as  a  whole  would  work.  Moreover,  reducing  or  eliminating  the 
barriers—violence,  restricting  access  to  vehicles  and  merchandise,  administrative 
restrictions—that do not foster mobility would also help. Finally, an interconnected system 
of tunnels for those countries on the Andes would facilitate mobility. 
 
Lastly, but not least, countries might not be converging because they are not benefiting 
from the spillovers of regional innovation. Imitation and reverse engineering are limited in 
the region due to a lack of a centralized system of patents or networks that allow scientific 
information to flow from one country to another. In that sense, alliances and joint ventures 
among universities and research centers in the region would allow to share the costs of 
research and development but also spread the consequent wealth. Perhaps South American 
countries should start focusing more on regional networks without abandoning international 
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